Renibacterium salmoninarum, a small gram-positive rod, is the causative agent of bacterial kidney disease in salmonid fish (16) . The organism is very fastidious and slow growing (9) and can take up to 5 weeks to grow on its optimum growth medium, KDM-2 agar (7), which contains yeast extract, peptone, cysteine, and serum. Serum, however, can add cross-reacting antigens which affect the preparation of antisera and may interfere with antibiotic sensitivity testing.
It is, in addition, expensive and liable to contamination.
Thus, a serum-free medium would be advantageous in the diagnosis and study of the kidney disease bacterium, if one could be devised that maintained the growth characteristics of KDM-2.
Mueller-Hinton agar supplemented with L-cysteine can be used to grow R. salmoninarum, and Bullock et al. (4) reported that it gave better cell yields than serum-or blood-supplemented media. Evelyn (7) , however, concluded that serum was an essential ingredient in any tnedium capable of growing R. salmoninarum from dilute inocula. A semidefined medium devised by Embley et al. (6) did support the growth of R. salmoninarum, but gave a lower recovery of CFU than either KDM-2 or Mueller-Hinton plus Lcysteine.
When we considered the media that had been used successfully for growing the kidney disease bacterium, it seemed that they all had in common some component that could act to bind toxic substances. McCarthy et al. (13) plemented with L-Cysteine (MH-Cys) was prepared by adding L-Cysteine hydrochloride (Sigma Chemical Co., St. Louis, Mo.) at a final concentration of 0.1% (wt/vol) and adjusting the pH to 6.8 with 1 N NaOH. Our basal medium was KDM-2 agar (7) prepared without serum. This contained, in 900 ml of deionized water, 10 g of peptone (Difco), 0.5 g of yeast extract (Difco), 1 g of L-cysteine hydrochloride (Sigma), and 15 g of agar (Sigma). The pH was adjusted to 6.5 with 1 N NaOH. After autoclaving (121°C, 15 min), KDM-2 was made by bringing the volume of the basal medium up to 1 liter with sterile fetal bovine serum (GIBCO Canada, Burlington). Basal medium plus skim milk was made by adding 100 ml of a sterile 10% (wt/vol) skim milk powder (Difco) solution to the basal medium after autoclaving. When basal medium alone was prepared, the final volume was adjusted to 1 liter with deionized water, and the pH was increased to pH 6.8 before autoclaving. For media with starch or charcoal, the basal medium was prepared in a 1-liter volume, to which was added either 1.5 g of starch 
10-7
10-7 10-7 10-7 10-7 10-7 10-6 10-7
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Basall medium contains 1% peptone. 0.05% yeast extract. 0.1% cysteine, and 1.5% agar (all percentages are weight/volume). This is KDM-2 (7) without serum.
(Difco) or 0.5, 1, or 2 g of activated charcoal (Sigma). All media had a final pH of 6.8, except TSA, which was pH 7.2.
A biphasic culture system (12) was prepared by adding 2 ml of peptone-saline liquid overlay onto the surface of KDM-2 or basal medium plus charcoal agar. Maximum surface area was obtained by allowing 20 ml of agar to solidify on the side of a 6-oz. (ca. 170-ml) oval bottle. For broth culture in charcoal medium, the basal medium was prepared as above, without the addition of agar. To provide a clear medium, the charcoal was placed in a bag of dialysis tubing (6,000-to 8,000-molecular-weight cutoff) which was loosely tied to prevent rupturing during autoclaving.
Growth tests. In the first study, serial 10-fold dilutions of the culture suspensions were prepared to In the second study, the methods were the same, except that cultures were diluted to 10-9 and the media compared were KDM-2, MH-Cys, TSA, and KDM-C (basal medium plus 0.1% [wt/vol] charcoal).
RESULTS
Preparation of cultures. Since R. sahlnoninarlm has proven difficult to maintain in culture, the preparation of the inocula for the tests is pertinent. In a biphasic system, growth yields were enhanced and allowed us to obtain dense cell suspensions. A 30-fold dilution of the collected liquid phase could give an optical density at 520 nm of 0.7, as measured on a Bausch & Lomb Spectronic 70 spectophotometer.
There is an optimal time for transfer of R. salmoninarum, and cultures not frequently transferred had a very long lag period or entirely failed to grow. To avoid such problems when comparing growth, we used lyophilized cultures unless a culture of known viability was available. These anecdotal observations serve to explain the procedures followed in preparing inocula for the medium tests. In the studies, unless otherwise noted, culture suspensions were obtained by rehydrating lyophilized cultures with peptone-saline.
Comparison of growth media. On TSA and basal medium, R. salmoninarium grew only from concentrated inocula (Tables 2 and 3). Although MH-Cys, basal medium plus starch, and basal medium plus milk were better than TSA or basal medium alone (Table 2) , they were inferior to basal medium plus serum or charcoal.
Only activated charcoal gave growth similar to that with serum when added to basal medium. No difference in growth was seen at three different concentrations of charcoal (0.05, 0.1, and 0.2%), and so a single result is shown in Table 2 . Subsequently, we used 0.1% activated charcoal in KDM-C, as the darker color made pinpoint colonies easier to see. In the first study, strains JD17, JD19, and DR128 were removed from KDM-2 agar.
Comparison of KDM-C with the diagnostic media KDM-2 and MH-Cys and with TSA control plates confirms the value of KDM-C. Figure 1 illustrates the growth of strains 384 and JD24 on MH-Cys, KDM-C, and KDM-2 reported in Table 3 . In this study, strain DR128 was rehydrated from lyophilized form. Inocula of three cultures from one (DR128c) or two (RS21c and 384c) passages on KDM-C medium were also included. Cultures have serially passed five times on KDM-C without loss of viability. After three passages on KDM-C, cultures RS21c and 384c still do not grow well on TSA or MH-Cys ( Table 3 ), suggesting that KDM-C does not select Heavy concentrations of cells were obtained in KDM-C liquid medium (Fig. 2) , demonstrating that growth of R. salmoninarum is not restricted to surfaces. An incidental observation on basal medium plus skim milk growth was that all of the strains tested caused clearing of the medium. Clearing occurred only when there was abundant localized growth. Single colonies were not capable of clearing the medium, suggesting that the amount of proteolyic activity being produced was low.
Primary isolations. Strain JD24 is a suspension of R. salmoninarum cells in peritoneal fluid taken directly from a coho salmon smolt (Oncorhynchus kisutch). This fish, one of a hatchery population with advanced bacterial kidney disease, had a protruding abdomen and extensive bilateral exophthalmos. After killing the animal, we were able to aseptically remove 10 ml of creamy white peritoneal fluid, which proved to be essentially an axenic culture of R. salmoninarum. The fluid was lyophilized in small samples without culture on artificial media. When this was used as one of the inocula, simulating a primary isolation, KDM-C medium was found to be equally as effective as KDM-2 (Table 3) .
In other cases, we have used both KDM-2 and KDM-C to isolate R. salmoninarum from naturally infected fish kidneys and have not seen any difference between the two media (data not shown). Strain JD19, used in this study, was isolated using KDM-C supplemented with the antibiotics cycloheximide, D-cycloserine, oxolinic acid, and polymyxin have been possible without the antibiotics, because the fish had been dead for 3 days and numerous other bacteria were present in the kidney.
DISCUSSION
The two most common media currently used for the growth of R. salmoninarum are KDM-2 and MH-Cys, although there is controversy as to the efficacy of MH-Cys (7). In contrast to the results of Bullock et al. (4), we found that MH-Cys agar did not support the growth of R. salmoninarum as well as did KDM-2 (Tables 2 and 3 ; Fig. 1 ). Both Evelyn KDM-2 and our KDM-C detected viable cells at culture dilutions up to seven logarithms greater than those detected on MH-Cys agar. MH-Cys may be effective in isolating R. salmoninarum from kidney lesions where there are abundant bacteria, but both our results and those of Evelyn (7) indicate that it would be of limited use when R. salmoninarum is present in low numbers, as in carrier fish.
On KDM-C, with 0.1% charcoal replacing serum, all eight strains of R. salmoninarum grew as well as on KDM-2, both in time required for growth and ability to initiate growth from dilute cell suspensions. Only activated charcoal could replace serum in the basal medium and still give the same growth characteristics as KDM-2. The fact that cells maintain good growth after repeated passages on KDM-C suggests that serum is not required to supply nutrient requirements not met by peptone, yeast extract, and L-cysteine. Charcoal has been incorporated in media for the growth of other bacteria, notably Legionella spp. (10), Bordetella spp. (15) , and Leptospira spp. (3). Most often, activated charcoal is thought to act as a detoxifying agent, although it may also collect C02, modify surface tension, or act to prevent autooxidation of cysteine (11) . These activities may contribute to the function of charcoal in KDM-C.
Charcoal and serum in KDM-C and KDM-2 could act to absorb toxic substances in the medium, a function provided much less effectively by starch or milk. The inhibiting substance may be presumed to be less than 8,000 molecular weight since, in basal broth medium, charcoal was effective across the dialysis membrane in permitting growth. (8) found that a toxic factor in fish tissues must be removed for optimal isolation of R. salmoninarum. The unidentified inhibitor was found in the peptone-saline wash supematant after homogenization and centrifugation of tissue samples. We are now examining the possibility that pretreatment of tissues with activated charcoal may provide a means of removing toxic materials from kidney samples without laborious washings.
The increase in the growth of R. salmoninarum by the addition of surface moisture has been previously noted (4, 5) and reflects the high growth yields characteristic of biphasic growth systems (12) . The proteolytic activity in basal medium plus skim milk is consistent with the findings of Ordal and Earp (14) and Smith (17), but contrary to those of Austin and Rodgers (2), who stated that phenon 1, R. salmoninarum, failed to exhibit casein hydrolysis. Perhaps the activity can only be readily observed with heavy growth.
In summary, KDM-C is less expensive, easier to make, and as efficacious as KDM-2 for diagnostic purposes. This serum-free medium should make it possible to grow large amounts of cells for diagnostic antisera or vaccines, without concern for cross-reacting antigens. In addition, it will be of value in studies of the organism's physiology and pathogenesis.
